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ABSTRACT 

This is a reply to the presentations of Caldwell and Hunten and was 
presented as part of the "discussion " follow ing their papers. 


I would like to reply to O’ dwell 's and to Hunten's presentations. First, I 
remind you that l have already demonstrated the existence of scatterers in Titan's 
atmosphere in a paper I published in the Astrophysical Journal three years ago 
(Tralton, 1975b). My conclusion is not affected by recent laboratory investigations 
showing that certain CH^ bands are independent of pressure because I showed that the 
reflecting layer model fails to explain Titan's CH^ absorptions regardless on which 
portion of the curve of growth Titan's CH^ lines lie. in that paper, I used Saturn's 
atmosphere along the central meridian as my ’’laboratory" for studies of CH^ absorp- 
tion, arguing that my conclusion is insensitive to the moderate scattering there. 

The quite pronounced role of scattering in Titan's atmosphere strongly suggests 
that Titan's surface is obscured. This is compatible with the lack of variation of 
Titan's brightness with orbital phase (Noland et al 1974), unless Titan has a feature- 
less surface, because Titan almost certainly rotates synchronously about Saturn. Even 
if a smooth, featureless, or "tarry" surface exists (Hunten, 1973), the scattering prob- 
ably veils ft enough so that the ambiguity in interpreting Veverka's (1973) polarization 
measurements shou. ' be resolved in favor of atmospheric scattering rather than 
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reflection from a smooth surface. So as the case for a significant haze is strengthened, 
the case for a smooth surface is weakened. 

My second point is that the fact that certain Cri^ bands studied in the laboratory 
do not depend on pressure does not alter the CH^ abundances I have derived in previous 
papers. While I concede that laboratory measurements have since shown that certain 
CH 4 bands behave like a linear opacity (following Beer's law), at least for the pressures 
and temreratures investigated, it is well known that the R branch of the 3 CH^ band 
devi.-teo frotr Jus behavior in the atmospheres of Jupiter and Saturn (Belton, 19C9; 
Trafton, i973b) and, consequently, at lower pressures. That is, the absorption of the 
CH, band depends on the pressure as well as the CH, abundance throughout the 
physical regime spanning the conditions between the atmospheres of Titan and Saturn. 

In original paper on Titan's bulk composition (Trafton, 1972). I argued qualitatively 
that the bulk of Titan's atmosphere is large because the strong CH bands should depend 
on pressure but I derived the quantitative relation between CH, abundance and bulk com- 
position on the basic- ».f the Q branch of Titan's 3 CH, band, arguing that since the R 

O 1 

branch is saturated, the Q branch is too. So the recent laboratory results refute my 
qualitative argument based on the strong CH^ bands but not my quantitative result based 
on the Q branch of the 3 C band. 

This analysis yielded 1600 m- 4 (meter- Amagat) CH^ in the case of a pure CH^ 
atmosphere and les« CIj' 4 if another bulk constituent is present. In a following paper 
(Trafton, 1974), I revised this figure to 2 km- A based on a correction to the airmass 
factor for saturated bands pointed out to me by Hunten. I also reported three indepen- 
dent observations of the R(5) manifold of Titan’s 3 v ^ CH^ band and noted that the 
strength relative to Saturn’s R(5) manifold was approximately the same as for the 
Q branches, supporting my analysis based on the Q branches. Figure 1 reviews my 
observations of the Q branches and R(5) manifolds. Since only part of the Q branch 
was observed on Titan, owing to the very low signal level, this confirmation was 
important. 

The three independent observations of Titan’s R(5) manifoi ! shown are s ; milar, 
giving confidence that their sum is accurate. The Ring spectrum shows the limited con- 
tribution of telluric Ii^O. The equivalent width of the summed Titan spectrum divided 
by the Ring spectrum is proportional to the product of the effective pressure times the 
CH 4 abundance, in the reflecting layer approximation. For homogeneous sea ‘.ter mg, it 

is proportional to the effective pressure times the CH abundance along a scattering 
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Figures. ta> The R<5 > mani/nld < I09~}A > cf T tts*'s jr, CH, faW <f * nsulun tu tf 4.0 
A. Thee independent oh sen aliens of this manifold are than. The lellaru HjO ab s orp t ion tt 
indicated fry the scan of the nest meg tip. The first channel corres p o nds t* the first channel of the 
Until Titan spectrum. The scale is i.sAjch. <4; Comparison of a segment of Titan's Q hands of 
the U'^CH, hand ( UHl-tA ; utth Saturn's Q branch at a resolution of 6.6A. As far the R(5) 
manifold the strength is ahont tun thirds of shat of Saturn's feat net > . assuming a symmetrical 
profile. The scale is 2<iA;Cb. 


mean free path (since in scattering models lines move over to the square root regime 
of the curve of growth for smaller values of the equivalent width [Chamberlain, 1970]). 

In a third paper, I analyzed the equivalent width of the R(5) manifold to obtain at least 
1600 m-A for the pure CH^ case in the reflecting layer approximation (Trafton, 1975a). 

The figure 1600 m-A is a lower limit for the bulk atmosphere in this approxima- 
tion. If there is less CH^ than this, there is an even greater proportion of some other 
gas present. This figure can be greater if the local continuum in the center of the mani- 
fold is higher than in the wings (because of possible blending with neighboring features). 
The figure is not likely to be much less owing to superposition of some unidentified 
absorption at the same wavelength as the R(5) manifold because the absorption at this 
wavelength in Titan’s spectrum relative to that in Saturn's spectrum is in essentially 
the same proportion as the Q branches. I have since discovered that telluric OH emis- 
sion from the (3) doublet occurs in the blue wing of the R(5) manifold and may raise 
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the local continuum and, hence, the derived equivalent width. The agreement, however, 
of the shapes of the R(5> manifold between Titan and Saturn indicates that the correc- 
tion for this is small. Consequently, 1600 m-A remains essentially unchanged as the 
lower limit to Titan's risible (1.1pm) bulk atmosphere or as a rough upper limit to 
Titan's spectroscopically visible CH j abundance, according to the reflecting layer 
approximation. 

A more serious objection would be the invalidity of the reflecting layer model 
when the presence of significant scattering has been demonstrated. A scattering anal- 
ysis has not yet been attempted which includes the 3 band. 1 estimate on the 

basis of Titan's low albedo and whole-disk contribution to the spectrum that an analysis 
of the equivalent width of the R(5) manifold using a homogeneously scattering model 
atmosphere will yield a pressure-abundance product comparable with that using a 
reflecting layer model. But now abundance refers to the specific abundance and pres- 
sure to the effective level of line formation. [A crude analysis along these lines is 
given in Huntcn's paper above]. 

My third point is that at sufficiently iow pressures, or for sufficient haze. 

Titan's infrared CH bands mav show a pressure dependence after all. Chamberlain 
(1970) has shown that absorption lines depart from the linear portion of the curve of 
growth for smaller values of the equivalent width in a scattering atmosphere than in a 
clear one. This is a consequence of the "random walk" character of photon scattering, 
and the effect increases with the mean number of scatterings. 

Figure 2 compares the 0. 9 pm and 1 pm Cki^ bands of Titan and Saturn. It shows 
that the regions of high absorption are anomalously weak in Titan's spectrum. This 
point is reinforced in Figure 3 which plots the mean transmission over a small wave- 
length interval for Titan vs that for Saturn. The mean transmission is defined to be the 
residual intensity (relative to the apparent local continuum) averaged over a small 
wavelength interval. Since a given mean transmission may occur at several wave- 
lengths within the band complex, it is surprising that a curve rather than an area results 
from such plots. I have interpreted this behavior both in terms of an elevated haze 
layer (Trafton, 1973a) and as differences in the region of the curve of growth on which 
Titan's and Saturn's bands lie (Trafton, 1975b). An argument that pressure does play 
some role is that in spite of the significant differences between Jupiter's and Saturn's 
haze distributions, their CH^ spectra are remarkably similar compared to the difference 
between Titan and Jupiter, or Titan and Saturn. It is difficult to imagine an aerosol 
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distribution on Saturn which might duplicate Titan's band morphology. Of course, now 
that CH , absorption coefficients are avaik.oio, the sensitivity of CH. band shapes to 

•i ** 

aerosol distribution should be tested using model atmospheres to determine whether the 
haze distribution suffices to explain the band shapes. 

My fourth point concerns the existence of the 8151 A feature in Titan’s spectrum. 
Although Munch et ai. (1977) have used higher resolution than I have, their spectra are 
too noisy to reveal the weak telluric H. ? 0 line at 8151.3 A which should be visible at 
their resolution and is visible in my lower-resolution spectra having higher sigr ' l to 
noise ratio (Trafton, 1975a). They may have therefore underestimated the upper limit 
on the Hg abundance. I feel that an upper limit of about 2 km-A is more appropriate. 

It is important to remember that the existence of a feature at this wavelength 
does not necessarily mean it arises from H.,. There are a number of unidentified lines 
in Titan's spectrum near 1.06 pm (Trafton, 1974) and the responsible gas might con- 
ceivably absorb at 8151 A. Giver and Podolak (1977) have shown that long-path CH^ 
spectra reveal many lines in this region so CH^ cannot be ruled out as the source of 
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the feature visible in my spectra of Titan. The same instrument has detected the 
slightly stronger (5mA vs Munch's et al. upper limit of 3 mA for Sg(l) on Titan) S(l) line 
of the (5-0) band of 11., in Tranus' spectrum (Trafton. 1078). 1 still believe there is an 
absorption feature at or close to this wavelength; the question is from what gas does it 
arise? 
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